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In the mosquito Aedes aegypti, the adult female becomes competent for a vitellogenic response to ecdysone after
previtellogenic development. Here, we show that bFTZ-F1, the nuclear receptor implicated as a competence factor for
stage-specific responses to ecdysone during Drosophila metamorphosis, serves a similar function during mosquito
vitellogenesis. AaFTZ-F1 is expressed highly in the mosquito fat body during pre- and postvitellogenic periods when
ecdysteroid titers are low. The mosquito AaFTZ-F1 transcript nearly disappears in mid-vitellogenesis when ecdysteroid
titers are high. An expression peak of HR3, a nuclear receptor implicated in the activation of bFTZ-F1 in Drosophila,
recedes each rise in mosquito FTZ-F1 expression. In in vitro fat body culture, AaFTZ-F1 expression is inhibited by
0-hydroxyecdysone (20E) and superactivated by its withdrawal. Following in vitro AaFTZ-F1 superactivation, a secondary
20E challenge results in superinduction of the early AaE75 gene and the late target VCP gene. Electrophoretic mobility-shift
assays show that the onset of ecdysone-response competence in the mosquito fat body is correlated with the appearance of
the functional AaFTZ-F1 protein at the end of the previtellogenic development. These findings suggest that a conserved
molecular mechanism for controlling stage specificity is reiteratively used during metamorphic and reproductive responses
to ecdysone. © 2000 Academic Press
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hINTRODUCTION
Competence to respond to specific developmental signals
allows the spatially and temporally restricted utilization of
global signals within a multicellular organism. A signal
molecule, which is spread throughout an organism via the
circulatory system, elicits a specific response only from
competent cells and tissues, leaving other parts of an
organism unaffected. Recent studies have given rise to
considerable insight into the molecular mechanisms under-
lying competence. One of the general means for accom-
1 Present Address: Rohm & Haas Research Laboratories, 727
Norristown Rd., Spring House, PA 19477.
2 Present Address: Department of Medical Zoology, Mie Univer-
ity School of Medicine, 2-174 Edobashi, Tsu City 514, Japan.
3 To whom correspondence should be addressed. Fax: (517) 353-
1396. E-mail: araikhel@pilot.msu.edu.
96lishing competence is the time- and cell-specific expres-
ion of a receptor or receptor cofactor needed to render a cell
esponsive to a corresponding hormonal signal (Shi et al.,
996; Puigserver et al., 1998). Regulation of competence can
lso be achieved through chromatin remodeling via in-
olvement of linker histones, which repress transcription
Steinbach et al., 1997; Lee and Archer, 1998). Finally, the
tage specificity of a response to a hormonal signal can be
etermined by a specialized competence factor. Drosophila
etamorphosis provides one of the best-studied examples
f how competence affects the specificity of response to a
ormonal signal. In this organism, the bFTZ-F1 orphan
uclear receptor functions as a competence factor which
irects the developmental transition from larval to pupal-
pecific gene expression in response to the insect steroid
ormone ecdysone (Woodard et al., 1994; Broadus et al.,
999).
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97Mosquito Vitellogenic Response to EcdysoneMosquitoes serve as vectors for many harmful human
diseases (Collins and Paskewitz, 1995; Butler et al., 1997;
Beier, 1998) because they require blood feeding for their egg
development. In the so-called anautogenous mosquitoes,
vitellogenesis and egg maturation are initiated only after a
female mosquito ingests vertebrate blood. A blood meal
triggers a hormonal cascade resulting in production of
20-hydroxyecdysone (20E), the terminal signal, which acti-
vates yolk protein precursor (YPP) genes in the fat body
(Hagedorn, 1983, 1985; Raikhel, 1992; Dhadialla and
Raikhel, 1994; Deitsch et al., 1995a,b).
In the anautogenous mosquito Aedes aegypti, which is
eing used as a model vector, vitellogenesis proceeds
hrough two periods (Fig. 1). The approximately 3-day-long
revitellogenic development of both ovary and fat body
roceeds under the control of juvenile hormone (JH) III
Gwartz and Spielman, 1973; Flannagan and Hagedorn,
FIG. 1. Summary of events during the first cycle of vitellogenes
period begins at eclosion (E) of the adult female. During first ;2–3 d
vitellogenesis. The female then enters a state-of-arrest; yolk protein
are not synthesized during this previtellogenic period. Only when th
hormonal titers of juvenile hormone (JH) and ecdysteroids (20E) in
Transcript profiles of nuclear receptors (Nuclear Receptors) in the m
profiles of yolk protein precursors (Late Genes) in the mosquito fa
AaEcR, ecdysone receptor; AaUSPa, Ultraspiracle isoform A; AaU
aE75 isoform A (Pierceall et al., 1999); AHR3, early-late gene AH
CP, vitellogenic carboxypeptidase (Cho et al., 1991).977). The JH titers are high during the previtellogenic p
Copyright © 2000 by Academic Press. All righteriod and drop immediately following the onset of vitello-
enesis, which is initiated when the female mosquito takes
blood meal (Shapiro et al., 1986). The fat body then
roduces yolk protein precursors (YPP), which are internal-
zed by the developing oocytes (Raikhel, 1992). In addition
o vitellogenin (Vg), the major YPP, the mosquito fat body
ynthesizes two other YPPs, vitellogenic carboxypeptidase
VCP) and vitellogenic cathepsin B (VCB) (Cho et al., 1991,
999). YPP synthesis reaches its maximal levels at 24 h
ost-blood meal (PBM) and then proceeds until 30–32 h
BM, when it is rapidly terminated (Raikhel, 1992).
The titers of ecdysteroid in the mosquito female hemo-
ymph are correlated with the rate of YPP synthesis in the
at body (Fig. 1). While the 20E titers are only slightly
levated at 4 h PBM, they begin to rise sharply at 6–8 h
BM, and reach their maximum levels at 18–24 h PBM
Hagedorn et al., 1975). Consistent with the initially pro-
the anautogenous mosquito, Aedes aegypti. The previtellogenic
f posteclosion life, the fat body becomes competent for subsequent
cursors, vitellogenin (Vg) and vitellogenic carboxypeptidase (VCP),
ale takes a blood meal (BM), vitellogenesis is initiated. Hormones:
gypti females (Hagedorn et al., 1975; Shapiro and Hagedorn, 1982).
ito fat body were determined by RT-PCR/Southern blot. Transcript
y were determined by Northern blot and RT-PCR/Southern blot.
Ultraspiracle isoform B (Wang et al., 2000); AaE75A, early gene
Kapitskaya et al., 2000); Vg, vitellogenin (Cho and Raikhel, 1992);is in
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98 Li et al.enous mosquitoes (Hagedorn et al., 1973; Hagedorn and
Fallon, 1973), experiments using an in vitro fat body culture
have shown that physiological doses of 20E (1027–1026 M)
activate two YPP genes, Vg and VCP (Deitsch et al.,
1995a,b). Utilization of the protein synthesis inhibitor,
cycloheximide (Chx), has demonstrated that the activation
of YPP genes in the mosquito fat body requires protein
synthesis (Deitsch et al., 1995a). Thus, it is likely that a
regulatory cascade similar to that seen in Drosophila devel-
opment mediates the action of 20E in the mosquito fat
body.
The functional ecdysteroid receptor is a heterodimer of
the ecdysone receptor (EcR) and a retinoid X receptor (RXR)
homolog, Ultraspiracle (USP) (Yao et al., 1992, 1993). In the
mosquito A. aegypti, one isoform of ecdysone receptor
(AaEcR) and two USP isoforms, AaUSP-A and AaUSP-B,
have been cloned (Cho et al., 1995; Kapitskaya et al., 1996).
The mosquito EcR z USP heterodimer has been shown to
bind to various ecdysone response elements (EcREs) to
modulate ecdysone regulation of target genes (Wang et al.,
1998). More recently, we have demonstrated that a mos-
quito homolog of the Drosophila early gene E75 is involved
in mediating the ecdysteroid response during vitellogenesis
(Pierceall et al., 1999). Furthermore, a highly conserved
homolog of the DHR3 orphan nuclear receptor previously
implicated in activation of Drosophila bFTZ-F1 is ex-
pressed in vitellogenic tissues, the fat body and ovary
(Kapitskaya et al., 2000).
A preparatory, developmental, previtellogenic period is
equired for the mosquito fat body to attain competence for
cdysone responsiveness (Sappington and Raikhel, 1999).
lannagan and Hagedorn (1977) have demonstrated that the
cquisition of competence for ecdysone response in the
osquito fat body is under the control of juvenile hormone
II. However, the molecular mechanisms underlying the
cquisition of sensitivity to ecdysone in the mosquito fat
ody remain obscure.
We report here that bFTZ-F1, the orphan nuclear factor
mplicated as a competence factor for stage-specific re-
ponses to ecdysone during Drosophila metamorphosis,
likely serves a similar function during mosquito vitellogen-
esis. A homolog of Drosophila bFTZ-F1 is expressed rela-
ively highly in the mosquito fat body during pre- and
ostvitellogenic periods when ecdysteroid titers are low. In
n vitro fat body culture, AaFTZ-F1 expression is inhibited
y 20E and superactivated by its withdrawal. Moreover,
fter the in vitro superactivation of AaFTZ-F1 expression in
he previtellogenic mosquito fat body, a secondary 20E
hallenge results in superinduction of the early AaE75 gene
nd the late target VCP gene. Although AaFTZ-F1 mRNA is
bundant even in newly emerged mosquitoes, electro-
horetic mobility-shift assays show that it is the appear-
nce of functional AaFTZ-F1 protein that correlates with
he onset of ecdysone-response competence in the mos-
uito fat body. Our findings suggest that the regulation and
unction of FTZ-F1 during mosquito reproduction closely
esemble those shown at the onset of Drosophila metamor- o
Copyright © 2000 by Academic Press. All righthosis, and that FTZ-F1 may therefore be part of a con-
erved and broadly utilized molecular mechanism control-
ing the stage specificity of ecdysone responses.
MATERIALS AND METHODS
Animals. Mosquitoes, A. aegypti, were reared according to the
method of Hays and Raikhel (1990). Larvae were fed on a standard
diet as previously described (Lea, 1964). Vitellogenesis was initi-
ated by allowing females, 3–5 days after eclosion, to feed on an
anesthetized white rat.
Materials. The RNA ladder was purchased from Gibco-BRL;
Sequenase, from U. S. Biochemical Corp.; restriction enzymes,
from Boehringer Mannheim. All primers used in PCR were ordered
from Gibco-BRL. Superscript II reverse transcriptase and Taq DNA
polymerase were from Gibco-BRL; random hexamer primers, from
Promega. Perkin-Elmer was the source of reagents for the polymer-
ase chain reaction (PCR). MSI CO and Amersham Pharmacia
Biotech supplied nitrocellulose and Hybond-N1 blotting mem-
branes, respectively. Radionucleotides for labeling probes and
DNA sequencing were from NEN Life Science Products. All other
reagents were of an analytical grade from Sigma or Baker.
cDNA cloning. Degenerate primers based on the sequences of
FTZ-F1 insect homologs were used for PCR to obtain a mosquito
homolog cDNA fragment. Amplification was carried out in a
Perkin-Elmer thermal cycler using template cDNA produced by
reverse transcription from total RNA prepared from the fat bodies
of vitellogenic female mosquitoes. The PCR-generated fragment
was used as a probe to screen a lZAPII cDNA library prepared from
he fat bodies of vitellogenic female mosquitoes during 6–48 h
ost-blood meal as previously reported (Cho and Raikhel, 1992).
everal positive cDNA clones were subsequently isolated and
equenced at W.M. Keck Foundation Biotechnology Resource Lab-
ratory, Yale University. Analyses of nucleotide and deduced
mino acid sequences were performed using the software of GCG
Genetics Computer Group, University of Wisconsin, Madison,
I).
Northern blot analysis. Total RNA was isolated by using the
uanidine isothiocyanate method as described previously (Bose and
aikhel, 1988), or using TRIZOL Reagent (Gibcol-BRL). Polyade-
ylated mRNA was isolated using Niomag oligo(dT)20 magnetic
beads and the manufacturer’s protocols (PerSeptive Diagnostics,
Inc.). For Northern blot analysis, total or poly(A) RNA was sepa-
rated by electrophoresis in 1.2% agarose/formaldehyde gels in
Mops buffer, blotted to nitrocellulose membranes, and hybridized
with 32P-labeled DNA probes (Random Primers DNA Labeling
ystems, Gibco-BRL) under high stringency conditions. Autora-
iography was conducted at 280°C with intensifying screens.
RT-PCR/Southern blot. RT-PCR/Southern analyses were per-
ormed basically as previously described (Pierceall et al., 1999).
otal RNA was prepared from fat bodies throughout the first
itellogenic cycle, as described in the Northern blot procedure
bove, with the modification that all isopropanol precipitation
teps were done without low-temperature incubation, to avoid
oprecipitation of glycogen and salt. RNA concentration was
etermined spectrophotometrically; absorbance ratios, A 260/A 280
and A 260/A 230, in RNA preparations were always above 1.7 and 2.0,
espectively. Five microgram aliquots of each RNA preparation
ere reverse-transcribed by Superscript II reverse transcriptase
Gibco-BRL) and random hexamer (Promega) in a reaction volume
f 20 ml. After this reaction, the volume of each sample was
s of reproduction in any form reserved.
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99Mosquito Vitellogenic Response to Ecdysonebrought to 40 ml with TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH
.0). cDNA samples were stored at 220°C until use. In the analyses
f developmental profiles, 0.025 fat body- or pupa-equivalent
DNA pool was used as a PCR template for each point. Thermal
ycling conditions were as follows: 94°C for 3 min, followed by 18
ycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s. As a
eference to the developmental change of the fat body, the samples
f the same cDNAs were subjected to the 13 cycles of PCR with a
rimer pair specific to the mosquito vitellogenic carboxypeptidase
VCP). The reaction was followed by Southern blot hybridization
sing a VCP-specific probe, which was generated by PCR using
loned VCP cDNA as a template (Cho et al., 1991). The PCR
primers for each gene examined in this paper are listed in Table 1.
RT-PCR/Southern blotting of total RNA preparations without
reverse transcriptase did not result in any appreciable signal,
indicating that contamination of RNA preparations with genomic
DNA fragments was virtually negligible (not shown). As a quanti-
tative control for the RT-PCR, each cDNA was diluted to 12,
1
4,
1
8, and
1
16, and PCR amplifications of the cDNA dilutions were monitored
y different PCR cycles ranging from 13 to 22 cycles followed by
outhern blot quantification. The analysis of normalized results
howed that RT-PCR amplifications were linear (not shown). To
urther test whether results of the RT-PCR/Southern analyses
orrelate with those from the Northern blot analysis, both of these
echniques were used in parallel to measure the VCP mRNA levels
n fat bodies during the vitellogenic cycle as well as over the course
f in vitro treatments with 20-hydroxyecdysone. VCP mRNA
levels were analyzed by either Northern blot or RT-PCR/Southern
blot analyses. In both cases, the results were quantified using a
phosphorimager (Molecular Dynamics). The Northern blot and
RT-PCR/Southern blot analyses yielded very similar results (data
not shown).
In vitro organ culture. The abdominal walls with adhering fat
bodies (hereafter referred to as the fat body) were dissected from 0-
to 5- or 3- to 5-day-old previtellogenic females and incubated in an
organ culture system as previously described (Raikhel et al., 1997).
or the stage-specific responses to 20E, the dissected fat bodies
ere exposed to 1026 M 20E for 6 h; for all other cultures, the fat
bodies were incubated with 20E either for 16 h, or for 4 h with 20E
followed by washing three times with hormone-free medium and
an additional 12-h incubation in hormone-free medium. At every
4-h interval, a sample of nine fat bodies was collected and stored in
liquid nitrogen until use. As a control, the fat bodies were incu-
bated in hormone-free medium. RT-PCR/Southern blot analyses
were utilized as described above. Hybridization using probes for the
ecdysone-inducible VCP gene was provided as a positive control.
TABLE 1
Primers Forward
AaE75A TAGTGCAATCAACGTATAC
AaE75B CGTGGAAGAAGACCACGAT
AHR3 GTGTGCGGCGACAAGTCGT
AaFTZ-F1 TGAAGGTGGACGACCAGAT
VCP AGCGCCCATTCTTGTTTGG
Vg TACTTGAAGACAAGATGCTTo test the effect of the protein synthesis inhibitor cyclohexi- m
Copyright © 2000 by Academic Press. All rightmide on the expression of each gene, dissected fat bodies from 3- to
5-day-old female mosquitoes were pretreated with culture medium
containing 1024 M Chx for 1 h, then further incubated with the
ame concentration of Chx either with or without 1026 M 20E. The
hx/hormone withdrawal experiment was conducted as described
reviously in the hormone-withdrawal experiment above except
hat 1024 M Chx was added to all culture media.
The experiments of secondary responses to 20E or Chx/20E in
ultured fat bodies were an extension of the 20E-withdrawal
xperiments described above. After the initial 4-h exposure to 20E
ollowed by 12 h culturing without 20E, the fat bodies were
xposed again to 20E or pretreated with Chx for 1 h and then
xposed to 20E/Chx for an additional 4 or 16 h. In addition to these
wo experiments, as the third experiment, after pretreatment with
hx for 1 h and the initial 4-h exposure to 20E/Chx followed by
2 h culturing with Chx only, the fat bodies were exposed again to
0E/Chx for an additional 4 or 16 h. RT-PCR/Southern blots were
tilized to analyze the responses of each gene under investigation.
Electrophoretic mobility-shift assays. Electrophoretic mobility-
hift assays (EMSA) were carried out as described previously (Wang et
l., 1998). The nucleotide sequence of the F1RE used in EMSA is
9-GCAGCACCGTCTCAAGGTCGCCGAGTAGGAGAA-39 (Ohno
t al., 1994). The F1RE oligo was purified before EMSA. The in vitro
ynthesized AaFTZ-F1 protein was made by the TNT system (Pro-
ega). Fat body nuclear extracts (FBNE) were prepared as previously
escribed (Miura et al., 1999). The DmFTZ-F1 antibody was a gener-
us gift from Dr. Carl Thummel (University of Utah).
RESULTS
Ecdysone-Responsive Vitellogenic Competence in
the Mosquito Fat Body
Previously, Flanagan and Hagedorn (1977) have shown
that the fat body of newly emerged female mosquitoes is
not responsive to 20E in vitro with respect to vitellogenin
protein synthesis. However, responsiveness to this hor-
mone can be detected in the fat body as early as 12 h
posteclosion. Furthermore, the levels of the 20E-activated
Vg synthesis in the fat body in vitro reach their maximum
n 36- to 48-h-old mosquitoes. In our experiments, we
tilized the fat body from mosquitoes of different posteclo-
ion ages and monitored the appearance of mRNAs for two
PP genes, Vg and VCP, in response to 20E in vitro. These
xperiments confirmed that the fat body of a newly
merged mosquito was not competent to respond to hor-
Reverse
TC GGCACACGACCGAATCTGAC
GGCACACGACCGAATCTGAC
TCGACCGAATTTGACCGCGTC
A TGTTCTGCAGCTCGTTGAAGTG
CAGCTCATACAGGTATTCTCC
G CGTTCTTGTAACTGTAGCCTTGCAA
CG
C
GAonal stimulation and that the YPP genes were not acti-
s of reproduction in any form reserved.
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100 Li et al.vated (Fig. 2). In contrast, both Vg and VCP genes were
expressed in the fat body of 3- to 5-day-old females treated
with 1026 M 20E in vitro (Fig. 2). Moreover, the RT-PCR
nalysis of both Vg and VCP mRNAs showed that the
bility of the YPP genes to respond to hormonal activation
ncreased gradually over the previtellogenic period from 1
o 3 day posteclosion (not shown). These data indicated that
he ecdysone-responsive vitellogenic competence in the
FIG. 2. Northern blot analysis of stage-specific induction of the
vitellogenin (Vg) and vitellogenic carboxypeptidase (VCP) tran-
scripts by the hormone 20E. Nine previtellogenic fat bodies of
different stages were cultured in the presence (1) or absence (2) of
1026 M 20E for 6 h. Total RNA from 3 fat bodies (;10 mg) was
loaded in each lane. Hybridization was performed with the 32P-
labeled Vg or VCP probe (see Materials and Methods). Ribosomal
RNA (rRNA) stained with ethidium bromide is shown as a loading
control. 0–0.5d: fat bodies from newly eclosed previtellogenic
females, 0–12 h posteclosion; 3–5d: fat bodies from previtellogenic
females, 3–5 day posteclosion.osquito fat body was under transcriptional control.
Copyright © 2000 by Academic Press. All rightIsolation and Characterization of a cDNA Clone
Encoding the Mosquito AaFTZ-F1 Nuclear
Receptor
We investigated whether the mosquito homolog of the
competence factor bFTZ-F1 could be involved in the con-
trol of competence in the mosquito fat body. The initial
isolation of a cDNA fragment encoding the mosquito
FTZ-F1 homolog was achieved through a PCR-based ap-
proach. A pair of degenerate PCR primers used to amplify
cDNA of the mosquito FTZ-F1 homolog is shown in Fig. 3.
After a mosquito PCR fragment of the appropriate size, 266
bp, was sequenced and confirmed to encode a polypeptide of
the expected sequence, we used it as a probe to screen a
vitellogenic mosquito fat body cDNA library. Several posi-
tive clones were identified, the largest of which contained
an insert of 4.5 kb. The first methionine residue at the
N-terminal region of the ORF (840 aa) was located at 1.3 kb
downstream of this cDNA clone. Before the first Met, there
were several in-frame stop codons in the 59UTR, suggesting
that the first Met was the translation start site. There was
a poly(A) tail at the 39UTR end of this clone.
The conceptual translation of AaFTZ-F1 amino acid
sequence revealed distinctly high similarity with its insect
counterparts of Drosophila and Bombyx (Lavorgna et al.,
1991, 1993; Sun et al., 1994), particularly in the DBD and
the adjacent stretch of 29 amino acids known as the FTZ-F1
box (Fig. 3). According to recent data, members of the
FTZ-F1 subfamily bind as a monomer to a 59-
PyCAAGGPyCPu-39 DNA response element. The P-box
from the DBD recognizes the core motif 59-AGGPyCPu-39,
and the FTZ-F1 box recognizes the first three base pairs
59-PyCA-39 of the target DNA element (Ueda and Hirose,
1991; Wilson et al., 1993; Ueda et al., 1992). The mosquito
AaFTZ-F1 had a P-box with conserved CESCKG amino
acids, which were characteristic for members of the FTZ-F1
subfamily. The DBD and FTZ-F1 box of AaFTZ-F1 were
highly conserved relative to the corresponding sequences in
insect homologs, and also shared a high similarity with
those in vertebrate FTZ-F1 homologs, exhibiting 83% iden-
tity with mouse LRH-1 (Tugwood et al., 1991) and 85%
identity with bovine Ad4BP (Honda et al., 1993).
In the hinge subdomain, which connects the FTZ-F1 box
and the putative LBD, significant conservation was retained
only among insect FTZ-F1s. The conserved sequences were
interrupted by a nonconserved spacer sequence (marked
with vertical arrowheads in Fig. 3) in each insect receptor.
The A/B domains of the insect FTZ-F1 receptors were quite
divergent (not shown).
Comparison of the mosquito LBD with the LBDs of insect
and noninsect FTZ-F1 homologs showed that there was
limited identity in LBDs between mosquito FTZ-F1 and its
vertebrate counterparts, having only 46% identity with
mouse LRH-1 and 42% with bovine Ad4BP. However, a
high level of identity was retained in the LBDs of insect
FTZ-F1s, showing 70% with DmFTZ-F1 and 66% with
BmFTZ-F1.
s of reproduction in any form reserved.
101Mosquito Vitellogenic Response to EcdysoneFIG. 3. Alignment of the deduced amino acid sequences of the mosquito AaFTZ-F1 cDNA with its insect homologs DmbFTZ-F1 from
Drosophila (Lavorgna et al., 1993) and BmFTZ-F1 from Bombyx (Sun et al., 1994). Asterisks or carets indicate amino acids which are
identical or similar, respectively. The borders of DNA-binding domain (DBD) and putative ligand-binding domain (LBD) are marked with
square braces. The P-box in the DBD is in bold. The FTZ-F1 box is double underlined. Two vertical arrowheads flank the nonconserved
insertions in the hinge regions of insect FTZ-F1s. Horizontal arrows indicate sequences corresponding to the degenerate sense primer (Pr-1)
and antisense primer (Pr-2) used for AaFTZ-F1 cDNA cloning. A black dot marks an EcoRV restriction site. Two other arrows represent the
regions of the sequence-specific sense (Pr-3) and antisense (Pr-4) primers utilized in RT-PCR analysis of AaFTZ-F1. The Pr-4 was also used
to generate a single-stranded DNA probe for Northern blot (see Fig. 4A). Most parts of A/B domains in FTZ-F1s are not shown due to very
low similarity. The complete sequence of mosquito AaFTZ-F1 has been submitted to the GenBank (http://www.ncbi.nlm.nih.gov); its
accession number is AF274870.
Copyright © 2000 by Academic Press. All rights of reproduction in any form reserved.
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102 Li et al.Temporal Expression of AaFTZ-F1 in the Mosquito
Fat Body during the First Vitellogenic Cycle
To determine the pattern of AaFTZ-F1 transcripts in the
female fat body, we performed Northern blot analysis of
poly(A) RNA isolated from 100 fat bodies at each time
point. Three critical time points during mosquito vitello-
genesis were chosen: the early previtellogenic stage at 1 day
postemergence (Fig. 4A, PV), the late vitellogenic stage at
36 h PBM (Fig. 4A, PBM 36h) when the 20E titers are low,
and the middle vitellogenic stage at 18 h PBM (Fig. 4A, PBM
18h) when 20E is at the peak level. The 10- and 5.2-kb
AaFTZ-F1 mRNAs were detected in the fat body of 1 day PV
and 36 h PBM mosquitoes; in contrast, the fat bodies at 18 h
PBM contained no detectable AaFTZ-F1 message (Fig. 4A,
PBM 18h).
In order to examine the AaFTZ-F1 developmental profile
in this vitellogenic tissue in more detail, we used a more
sensitive RT-PCR analysis. First, RT-PCR was conducted
by two pairs of primers located in either the 59UTR or the
LBD, and it appeared that the expression patterns of
AaFTZ-F1 during vitellogenesis were the same (not shown).
In the later experiments, the primer pair in the LBD was
chosen. As demonstrated in Fig. 4B, the level of the
AaFTZ-F1 transcript was high in the fat bodies of newly
eclosed females, and its level declined slightly over the
course of previtellogenic development. After the onset of
vitellogenesis, triggered by a blood meal, the AaFTZ-F1
transcript level dropped dramatically during the first 4 h
PBM and then stayed at background levels until 24 h PBM.
Then, it rose again, reaching the previtellogenic levels at
36 h PBM, and stayed at a high level for the next 12 h of
postvitellogenesis. Previously, we have demonstrated that
the AHR3 gene is expressed in a narrow window correlated
with the high levels of ecdysteroid at 18–24 h PBM in the
mosquito fat body (Kapitskaya et al., 2000). The postvitel-
logenic rise in AaFTZ-F1 mRNA levels occurred immedi-
ately after the AHR3 mRNA peak and in correlation with a
drop in the ecdysteroid titer (Fig. 4B).
The high level of the AaFTZ-F1 transcript in the fat body
of the early previtellogenic females suggested that it might
be activated prior to emergence by a falling ecdysteroid titer
in late pupae. To test this hypothesis, we performed RT-
PCR analysis of the levels of AaFTZ-F1 and AHR3 tran-
scripts during development of female mosquito pupae.
Developing female pupae were collected at 6-h intervals,
from 0 h (newly pupated) to the final collection of late
pupae at 36 h postpupation (adult mosquitoes normally
emerge within the next 6 h). RT-PCR analysis was then
performed using RNA collected at different intervals of
pupal development. AHR3 transcript levels increased dur-
ing early and mid-pupal stages, reaching its peak in 24-h-old
pupae. By 30 h, the AHR3 transcript level decreased dra-
matically and remained low in late pupae. The AaFTZ-F1
transcript level exhibited a sharp increase in 18- to 24-h-old
pupae and remained at the elevated levels until the end of
pupal development (Fig. 4C).
Copyright © 2000 by Academic Press. All rightDual Effects of 20E on AaFTZ-F1 mRNA in
Cultured Mosquito Fat Bodies
To determine whether the negative correlation between
AaFTZ-F1 expression and the levels of ecdysteroids ob-
served in vivo reflected the involvement of 20E in regula-
tion of the AaFTZ-F1 gene, we investigated the patterns of
AaFTZ-F1 transcript accumulation in in vitro cultured fat
bodies. Previtellogenic fat bodies, 3–5 days after eclosion,
were incubated for up to 16 h in culture medium in either
the presence or the absence of 1026 M 20E. RT-PCR analysis
was used to monitor the transcript levels of AaFTZ-F1 in
he cultured organs (see Materials and Methods). Fat bodies
rom previtellogenic 3- to 5-day-old females were used to
etermine the background levels of transcripts for each
cdysone-regulated gene including two isoforms of an early
ene E75 (AaE75A and AaE75B), an early-late gene AHR3,
nd a late gene VCP. Culturing the previtellogenic fat
odies in hormone-free medium up to 16 h did not induce
aE75, AHR3, or VCP mRNAs (Fig. 5). The AaFTZ-F1
mRNA level, which was relatively high in the previtello-
genic fat body, was not effected by the 16-h incubation in
hormone-free medium (Fig. 5, FTZ-F1). In contrast to
AaE75, AHR3, and VCP genes, which were induced by the
presence of 20E in culture medium, the AaFTZ-F1 mRNA
dropped to an undetectable level after a 12-h incubation
with 1026 M 20E (Fig. 5, 20E).
In the next experiment, fat bodies were cultured in
hormone-containing medium for only 4 h, then washed
three times in hormone-free medium, and incubated in
hormone-free medium for an additional 12 h. Both AaE75A
and AaE75B levels dramatically increased after a 4-h incu-
bation in 20E-containing medium and then dropped sharply
following the withdrawal of the hormone from medium
(Fig. 5, E75A, E75B). AHR3 and VCP mRNA levels, which
rose moderately during a 4-h incubation with 20E, also
declined (Fig. 5, HR3, VCP). In contrast, the AaFTZ-F1
mRNA exhibited a considerable elevation of its level fol-
lowing the withdrawal of 20E from the incubating medium
(Fig. 5, FTZ-F1).
To determine the requirement of protein synthesis for
20E-dependent activation or repression of the AaFTZ-F1
gene in the mosquito fat body, the previtellogenic fat bodies
were incubated with cycloheximide, a protein synthesis
inhibitor which reversibly represses YPP protein synthesis
in this tissue in a dose-dependent manner (Deitsch et al.,
1995a,b). The fat bodies were first preincubated in
hormone-free culture medium for 1 h in the presence of
1024 M Chx and then incubated with the same dose of Chx
but with the addition of 1026 M 20E for various times (Fig.
6). While incubation of the previtellogenic fat bodies in the
presence of Chx in the hormone-free medium did not
induce AaE75, AHR3, and VCP mRNAs, the AaFTZ-F1
transcript levels were considerably elevated (Fig. 6, Chx).
Addition of 1026 M 20E to Chx-containing medium acti-
ated AaE75 and AHR3 genes to levels much higher thanthose attained with 20E alone; the levels of AaFTZ-F1
s of reproduction in any form reserved.
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103Mosquito Vitellogenic Response to EcdysoneFIG. 4. AaFTZ-F1 expression profiles in the female mosquito fat body and pupae. (A) Northern blot analysis of AaFTZ-F1 in fat bodies.
Poly(A) RNA was extracted from fat bodies of 100 female mosquitoes at each point: PV, previtellogenic stage 0–1 day posteclosion; PBM
18h or 36h, post blood meal 18 or 36 h. The region between EcoRV site and Pr-4 (Fig. 3) of AaFTZ-F1 was used as a probe for hybridization.
(B) Temporal expression of AaFTZ-F1 in the fat body during the first vitellogenic cycle by RT-PCR/Southern analyses. (a) The early-late
gene AHR3 expression profile. The 0.22-kb PCR product was generated with the AHR3-specific primers and hybridized with a 32P-labeled
HR3-specific DNA probe (see Materials and Methods). (b) AaFTZ-F1 expression profile. The 0.2-kb PCR fragment was generated with the
aFTZ-F1-specific primers Pr-3 and Pr-4 and hybridized with a 32P AaFTZ-F1 specific probe (shown in Fig. 3). (c) Expression profile of the
osquito vitellogenic carboxypeptidase (VCP) (Cho et al., 1991). VCP is shown as an independent control for RT-PCR/Southern analyses
f an ecdysone-inducible late gene in the mosquito fat body. (C) Temporal expression of AaFTZ-F1 during pupa development analyzed by
T-PCR/Southern analyses. Expression profiles of AHR3 (HR3) and AaFTZ-F1 (FTZ-F1) are shown. Each lane contained the same mosquito
upa equivalents of total RNA subjected to RT-PCR/Southern analyses.
Copyright © 2000 by Academic Press. All rights of reproduction in any form reserved.
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Copyright © 2000 by Academic Press. All rightmRNA were reduced compared with those in hormone-free,
Chx-containing medium (Fig. 6, Chx/20E). Withdrawal of
20E from Chx-containing medium after a 4-h incubation
caused a slower decline in the AaE75A, AaE75B, and AHR3
mRNA levels than 20E withdrawal from Chx-free medium
(Fig. 5, 20E-4h; Fig. 6, Chx/20E-4h). Interestingly, the
AaFTZ-F1 gene was superinduced under the same condi-
tions (Fig. 6, FTZ-F1). The VCP gene was not responsive to
ny stimulation in the presence of Chx (Fig. 6, VCP).
In Vitro Enhancement of Ecdysone-Responsive
Vitellogenic Competence Following
Overexpression of AaFTZ-F1
Withdrawal of 20E from the fat body culture after an
initial 4-h incubation in the presence of 20E resulted in a
considerable elevation of AaFTZ-F1 mRNA (Fig. 5, FTZ-F1,
20E-4h). If AaFTZ-F1 is a competence factor for 20E sensi-
tivity, one might expect that these conditions should lead
to enhanced responsiveness of the fat body to 20E. To test
this hypothesis, we re-introduced the fat body, after treat-
ment for 16 h as in Fig. 5 (20E-4h) with the elevated level of
AaFTZ-F1 mRNA, to a 20E-containing medium and exam-
ined its capacity for a secondary 20E activation of the early
E75, early-late HR3, and late VCP genes (Fig. 7). In the first
xperiment (Fig. 7A), the tissue was incubated in the
resence of 1026 M 20E for 4 h or for 16 h. The 4-h secondary
incubation resulted in superinduction of the early AaE75
gene, with the level of AaE75A mRNA more than threefold
higher than that seen in the 4-h primary 20E incubation
(Fig. 7A). The HR3 and VCP transcript levels were also
increased compared to the primary incubation. However,
their levels increased even further after a 16-h secondary
incubation. In particular, this secondary incubation re-
sulted in a twofold induction of the late VCP gene com-
pared to that in the primary 20E incubation (Fig. 7A). Thus,
this test suggests that the fat body with the experimentally
increased level of AaFTZ-F1 mRNA was competent to
activate the early, early-late, and late 20E-responsive genes
to a much higher level.
Next, we modified the second part of the experiment. As
in the first experiment, the previtellogenic female fat bodies
were first incubated in 20E-containing medium for 4 h,
followed by a 12-h incubation in the hormone-free medium.
However, the secondary 20E incubations were performed in
al., 1999); early-late gene AHR3 (HR3) (Kapitskaya et al., 2000);
AaFTZ-F1 (this paper); late gene VCP (VCP) (Deitsch et al.,
1995a,b). For the in vitro fat body culture and RT-PCR/Southern
analyses, see Materials and Methods. Closed squares represent a
continuous treatment with 20E (20E); open squares, a 4-h treat-
ment with 20E followed by an additional culture in 20E-free
medium (20E-4h); open triangles, a control medium without 20E
(CM). Each point represents an average of three independentFIG. 5. In vitro repression of AaFTZ-F1 expression by the hor-
mone 20E, and superinduction of AaFTZ-F1 by withdrawal of 20E
in fat body organ culture. RT-PCR/Southern analyses were per-
formed for each ecdysone-regulated gene in mosquitoes as follow:experiments 6 SD.
s of reproduction in any form reserved.
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Copyright © 2000 by Academic Press. All rightthe presence of 1024 M Chx (Fig. 7B). Under these condi-
ions, AaE75A showed even higher induction after 4-h
ncubation (8-fold). Furthermore, AaE75A transcript con-
inued accumulation reaching the 16-fold level of increase
fter a 16-h incubation. Likewise, the early-late HR3 gene
ranscript showed continuing accumulation. In contrast,
he secondary activation of the late VCP gene was inhibited
Fig. 7B).
In the final experiment, we conducted both the initial
Fig. 6, FTZ-F1, Chx/20E-4h) and secondary incubations in
he presence of 1024 M Chx. Under these conditions,
ctivation of all 20E-responsive genes during the secondary
esponse was abolished (Fig. 7C). This suggests that the
aFTZ-F1 protein synthesis resulting from the initial incu-
ation without Chx was required for the secondary activa-
ion of the 20E-responsive genes.
The Onset of Ecdysone-Response Competence was
Correlated with the Appearance of Functional
AaFTZ-F1 Protein
The fat body of a newly emerged female mosquito was
not competent to respond to 20E, and the competence was
acquired by this tissue as a result of the previtellogenic
development (Fig. 2). However, the AaFTZ-F1 gene was
highly expressed in this tissue throughout the previtello-
genic development (Fig. 4B, FTZ-F1). To resolve this appar-
ent contradiction, we investigated whether the AaFTZ-F1
protein was present at the first day after eclosion. Alterna-
tively, the appearance of the functional AaFTZ-F1 protein
could correlate with the acquisition of competence for
20E-vitellogenic response by this tissue. We tested this
hypothesis utilizing EMSA of nuclear extracts from pre-
vitellogenic fat bodies and the FTZ-F1 recognition element
(F1RE) from in the upstream regulatory region of Drosoph-
ila fushi tarazu (ftz) gene. This 9-bp binding sequence for
FTZ-F1 (59-YCAAGGYCR-39) was identified by an in vitro
DNase I footprinting assay (Ohno et al., 1994).
First, we evaluated whether the in vitro translated
AaFTZ-F1 protein was able to bind to the F1RE (Fig. 8A,
lane 2). The specificity of binding was confirmed by com-
petition with an excess amount of the specific unlabeled
F1RE (Fig. 8A, lane 3) and by coincubation with anti-
DmFTZ-F1 antibodies (Fig. 8A, lane 5). Both of these
treatments eliminated the binding complex. The EMSA
1024 M Chx in hormone-free medium (Chx), in the continuous
presence of 1024 M Chx and 1026 M 20E (Chx/20E), or in the 4-h
exposure to 1024 M Chx and 1026 M 20E followed by culturing
with1024 M Chx in hormone-free medium (Chx/20E-4h). Dashed
lines (20E) are from the previous experiment (Fig. 5, 20E), and all
other data are relative to these values. RT-PCR/Southern blot
hybridizations were performed using a probe specific for each
20E-responsive gene. Each point represents an average of threeFIG. 6. Effects of cycloheximide (Chx) on the 20E regulation of
aFTZ-F1 in in vitro fat body organ culture. The mRNA levels of
ach AaE75A (E75A), AaE75B (E75B), AHR3 (HR3), AaFTZ-F1
independent experiments 6 SD.
s of reproduction in any form reserved.
106 Li et al.FIG. 7. Secondary responses to 20E of the ecdysone-inducible genes in in vitro fat body culture. The primary response experiments were
performed as previously described (Fig. 5, 20E, or Fig. 6, Chx/20E) and presented for comparison with the secondary responses. The
secondary response experiments were performed following the 20E-withdrawal experiment: the previtellogenic competent fat body was
first incubated with 1026 M 20E for 4 h and then in hormone-free medium for 12 h in the absence or presence of 1024 M Chx (Fig. 5, 20E-4h,
or Fig. 6, Chx/20E-4h, respectively). The secondary responses were evaluated in such a fat body after additional incubation with 20E for 4 h
or 16 h in the absence (20E) or presence of Chx (20E 1 Chx). RT-PCR/Southern analyses were conducted for the cultured fat bodies. (A)
Superinduction of ecdysone-inducible genes (E75A, HR3, and VCP) in the secondary responses to 20E. Both the primary and secondary
response experiments were performed in the presence of 1026 20E. (B) Effects of Chx on the secondary responses of 20E-responsive genes.
Copyright © 2000 by Academic Press. All rights of reproduction in any form reserved.
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107Mosquito Vitellogenic Response to Ecdysoneanalyses were further carried out by incubating the fat body
nuclear extracts of the 3- to 5-day-old female mosquitoes
with 32P-labeled F1RE. Two retarded DNA-protein com-
plexes were observed (Fig. 8A, lane 7), one of which was
similar in mobility to the complex formed by F1RE and in
vitro translated AaFTZ-F1 protein. Both bands formed by
the nuclear extract were removed by competition with an
excess amount of the specific unlabeled F1RE (Fig. 8A, lane
8) or by coincubation with anti-DmFTZ-F1 antibodies (Fig.
8A, lane 10), indicating that these complexes were the
specific binding of AaFTZ-F1 to F1RE.
Next, we tested the DNA-binding activity of AaFTZ-F1 in
the FBNE of the female mosquitoes at 0–0.5 day after eclo-
sion. No AaFTZ-F1-containing complex was detected in the
FBNE of the newly eclosed females (Fig. 8B, lane 3). In
contrast, the AaFTZ-F1 binding was clearly seen in the 3- to
5-day-old FBNE used as a positive control in the same experi-
ment (Fig. 8B, lane 4). Testing of the FBNE from mosquitoes of
The primary response experiment was performed as in Panel A. Th
the presence of 1026 M 20E only (as in Fig. 5, 20E-4h), while the seco
M 20E. (C) Abolishment of the secondary responses of 20E-inducibl
primary responses, E75 and HR3 genes were superinduced by 20E
xperiment performed in the presence of the same concentration of
genes was inhibited. For each 20E-inducible gene, data were norm
FIG. 8. Identification of the functional AaFTZ-F1 protein in fat b
EMSA analysis of the AaFTZ-F1 protein translated in vitro (TNT-
he protein samples were incubated with the 32P-labeled FTZ-F1 r
1RE and AaFTZ-F1 was examined by the addition of 50-fold mo
onspecific DNA (lanes 4 and 9). In addition, anti-DmFTZ-F1 antib
o the reactions. (B) EMSA analysis of the AaFTZ-F1 protein in FBN
ontrol; lane 2, TNT-AaFTZ-F1; lane 3, FBNE from newly eclos
revitellogenic females, 3–5 days posteclosion.was referred to as 100. Each point represents an average of three indepe
Copyright © 2000 by Academic Press. All rightntermediate previtellogenic ages, 1- and 2-day-old, was incon-
lusive due to variability in development and limitation in the
ensitivity of the assays. Interestingly, when the FBNE from
he vitellogenic mosquitoes were used in EMSA, the results
howed that the intensity of the AaFTZ-F1-containing com-
lexes decreased sharply after a blood meal and disappeared
ompletely by the peak of vitellogenesis. The AaFTZ-F1-
ontaining complexes appeared again in the FBNE from the
ostvitellogenic mosquitoes (data not shown). Thus, these
nalyses confirmed that the acquisition of competence for
0E-vitellogenic response by the mosquito fat body correlated
ith the appearance of the functional AaFTZ-F1 protein.
DISCUSSION
The Drosophila FTZ-F1 gene, located within the 75CD
mid-prepupal salivary gland polytene chromosome puff,
includes two overlapping transcription units encoding
E withdrawal prior to the secondary incubation was performed in
y response experiment was in the presence of 1024 M Chx and 1026
es by Chx present in the initial 20E-withdrawal incubation. In the
the presence of 1024 M Chx. However, after the 20E-withdrawal
, as in Fig. 6, Chx/20E-4h, the secondary induction of E75 and HR3
based on the 16-h 20E induction in the primary response, which
nuclear extracts (FBNE) of previtellogenic female mosquitoes. (A)
FTZ-F1) or in the FBNE from mosquitoes, 3–5 days after eclosion.
nse element, F1RE. The specificity of the interaction between the
xcess of the unlabeled F1RE (lanes 3 and 8) or a double-stranded
(lanes 5 and 10) and preimmune serum (lanes 6 and 11) were added
different stages of the previtellogenic mosquitoes: lane 1, negative
revitellogenic females, 0–12 h posteclosion; lane 4, FBNE frome 20
ndar
e gen
in
Chx
alizedody
beta
espo
lar e
odies
E at
ed pndent experiments 6 SD.
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108 Li et al.aFTZ-F1 and bFTZ-F1, two orphan nuclear receptor iso-
orms differing only in the N-terminal part of their A/B
omains (Ueda et al., 1990; Lavorgna et al., 1991, 1993).
bFTZ-F1 has been shown to play a central role in the
acquisition of competence for the late prepupal ecdysone
response at the onset of Drosophila metamorphosis (Wood-
ard et al., 1994; Broadus et al., 1999). This nuclear receptor
is repressed by ecdysone and expressed during the low
hormone titer interval in mid-prepupae (Lavorgna et al.,
1993; Woodard et al., 1994). Immunocytochemical staining
of polytene chromosomes with anti-bFTZ-F1 antibodies
hows that bFTZ-F1 protein is bound to several sites
orresponding to ecdysone-regulated genes, including the
arly genes, E75 and E74, suggesting its direct involvement
n regulation of these genes (Lavorgna et al., 1993). Indeed,
ctopic overexpression of bFTZ-F1 significantly increases
he ecdysone induction of the early genes BR-C, E74A, and
75A (Woodard et al., 1994). Finally, a recent study has
hown that the ecdysone-triggered hierarchy, which directs
he stage-specific metamorphic transition, is attenuated in
bFTZ-F1 mutants (Broadus et al., 1999). These observations
support the initial suggestion made from studying ecdysone
responses of puffs of Drosophila salivary gland polytene
chromosomes, which has showed that competence is ac-
quired during the mid-prepupal period for reinduction of the
BR-C, E74A, and E75A early puffs (Richards, 1976a,b,c), and
clearly define bFTZ-F1 as a key competence factor for
tage-specific ecdysone responses in Drosophila metamor-
phosis.
Ecdysone plays a critical role in controlling oogenesis and
vitellogenesis in flies and mosquitoes (Bownes, 1986; Hage-
dorn, 1985; Raikhel, 1992; Buszczak et al., 1999; Raikhel et
al., 1999); however, limited information has been available
concerning the molecular basis of these ecdysone-mediated
events. In particular, an important question to be answered
is how the same hormone, which regulates larval molts and
pupal metamorphosis, activates entirely different sets of
target genes in the reproductive tissues of an adult insect. In
the case of mosquito, we show here that AaFTZ-F1 likely
serves as a competence factor for the stage-specific re-
sponses to ecdysone in the fat body during vitellogenesis. A
homolog of Drosophila bFTZ-F1 is expressed at relatively
igh levels in the mosquito fat body during pre- and
ostvitellogenic periods when ecdysteroid titers are low.
owever, the AaFTZ-F1 transcript nearly disappears during
he vitellogenic period with high ecdysteroid levels.
In Drosophila, another orphan nuclear receptor (DHR3) is
mplicated in regulation of bFTZ-F1 gene transcription.
During Drosophila metamorphosis, DHR3 has dual roles in
epressing the early genes while activating bFTZ-F1 tran-
scription (Lam et al., 1997; White et al., 1997). The mos-
uito HR3 homolog, AHR3, has been cloned (Kapitskaya et
l., 2000), and its expression analysis concurs with the
tudies on Drosophila metamorphosis, suggesting its role in
aFTZ-F1 gene activation. The in vivo developmental
profiles of AHR3 in both the fat body and the ovary have
shown that the peak of the AHR3 transcript coincides with t
Copyright © 2000 by Academic Press. All righthigh ecdysteroid titer in the hemolymph (Kapitskaya et
l., 2000). In this study we also examined the developmen-
al profile of AHR3 in pupae. Remarkably, the peak expres-
ion of AHR3 preceded expression of the AaFTZ-F1 gene in
upae and in the adult vitellogenic tissues, the fat body (this
tudy) and ovary (M. Kapitskaya, C. Li, and A. Raikhel,
npublished observation). The sequential expression of
HR3 and AaFTZ-F1 in the late pupa-early adult suggests
that these factors are involved in setting up stage-specific
responses to ecdysone in the previtellogenic fat body for the
first vitellogenic cycle. Likewise, expression of AHR3 and
AaFTZ-F1 during the late vitellogenic period is likely
preparing the fat body for a second vitellogenic cycle.
Experiments with in vitro organ culture strongly sup-
ported the hypothesis that AaFTZ-F1 expression is involved
in the acquisition of competence for ecdysone response in
the adult mosquito fat body. In the previtellogenic fat body,
AaFTZ-F1 expression was inhibited by 20E and strongly
activated by its withdrawal. Similarly, in the silkworm
Bombyx mori, BmFTZ-F1 is inducible by a decline in the
ecdysteroid titer (Sun et al., 1994). Addition of Chx into the
medium in withdrawal experiments also led to superinduc-
tion of the mosquito FTZ-F1, suggesting that AaFTZ-F1
expression is repressed by one or more unstable repressors.
Importantly, after in vitro overexpression of AaFTZ-F1 in
the previtellogenic mosquito fat body, a secondary 20E
challenge resulted in superinduction of the early AaE75
gene and the late VCP gene. These experiments are consis-
tent with in vitro organ culture experiments in Drosophila
which have shown that bFTZ-F1 is repressed by ecdysone,
and that in vivo ectopic expression of bFTZ-F1 in late-third
instar larvae enhances early gene induction (Woodard et al.,
1994). The acquisition of competence for ecdysone respon-
siveness by the mosquito fat body occurs over the first 2
days of the previtellogenic development (Flanagan and
Hagedorn, 1977; this study). Although the newly emerged
mosquitoes were not competent for ecdysone response,
AaFTZ-F1 mRNA was abundant in their fat bodies. The
explanation for this apparent contradiction was revealed by
EMSA analysis of AaFTZ-F1 DNA-binding activity, which
showed that the appearance of functional AaFTZ-F1 pro-
tein, rather than its mRNA, was correlated with the
ecdysone-response competence in the mosquito fat body.
The previtellogenic development of the mosquito fat body,
which involves an increase in ploidy (Dittmann et al., 1989)
nd ribosome proliferation (Raikhel and Lea, 1991), is
ontrolled by JH III. Flanagan and Hagedorn (1977) have
hown that the fat body responsiveness to ecdysone is also
nder JH regulation. Further studies are required to eluci-
ate whether JH is involved in the posttranscriptional
ontrol of AaFTZ-F1 activity.
In conclusion, our findings indicate that a conserved
olecular mechanism for the stage specificity may be used
uring insect metamorphic and reproductive responses to
cdysone. However, the unique feature of mosquito vitel-
ogenesis is the apparent involvement of posttranscrip-
ional control of AaFTZ-F1 in the acquisition of the
s of reproduction in any form reserved.
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109Mosquito Vitellogenic Response to Ecdysoneecdysone-response competence. Elucidation of the molecu-
lar mechanism underlying this unique characteristic of
mosquito vitellogenesis represents an exciting and chal-
lenging task for future research.
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